An urban planning approach to the climatization of space using natural resources based on ceramic clay, zeolite and bentonite clay by Stojiljković S. et al.
Science of Sintering, 46 (2014) 259-268 
________________________________________________________________________ 
 
_____________________________ 
*) Corresponding author: shenemil@open.telekom.rs. 
doi: 10.2298/SOS1402259S  
  
UDK   662.32; 549.67; 666.3.019 
An Urban Planning Approach to the Climatization of Space 
Using Natural Resources Based on Ceramic Clay, Zeolite and 
Bentonite Clay 
 
S. Stojiljković
1*), I. Savić
1, I. Savić
1, P. Mitković
2, Lj. Vasić
3,                       
A. Marinković
4 
1Faculty of Technology, University of Niš, Leskovac, Serbia, 
2Faculty of Civil Engineering and Architecture, University of Niš, Serbia, 
3IGM Mladost d.o.o. Roof Tile production, Leskovac, Serbia, 
4High Technical School of Professional Studies-Niš, Niš, Serbia. 
 
 
      
 
Abstract:   
An advantage of this approach is that tiles made of heterogeneous natural materials 
can be built into urban objects of different architecture and energy profiles. Their right 
position in a room would enable natural ventilation based on changes in the air composition 
that would reduce the exchange of air with the environment, reduce heating costs during the 
winter and provide cooling during the summer while at the same time maintaining relatively 
similar air composition. The research showed that sand and ceramic clay enable quicker 
drying of the sample in comparison to bentonite clay, polyphosphate and a plasticizer enable. 
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1. Introduction 
 
Today there are many different types of material used during construction of technical 
facilities and buildings [1,2]. Natural materials (e.g. wood, stone, sand, gravel and clay) are 
used in the state as found in nature without any prior processing. Bentonite clay as one of 
them is very important for manufacturing of building materials [3]. The physicochemical 
properties of bentonite clay are commonly modified by addition of polymers in order to 
improve its characteristics [4,5]. Over the last few decades, natural construction materials 
have lost their leading role in the market and have been replaced by synthetic materials (e.g. 
concrete, bricks, metal, glass, polymers, synthetic compounds, etc.), which have a damaging 
effect on both the health of people and the environment [6]. Recycled materials with 
technologically advanced levels of radioactivity is also used quite often, including 
phosphoplaster, coal ash, slag, thermoplastic synthetic resin, cellulose fiber etc. [7,8]. Many 
of these are valuable industrial by-products which can be reused in construction. Recent 
studies have been trying to improve and apply the natural materials with modified properties 
for both cooling and solar heat storage. Vardoulakis et al. [9] prepared, characterized and 
tested various modified clay materials for solar cooling. Apart from those, Jänchen et al. [10] 
systematically modified zeolites and mesoporous materials by ion exchange and impregnation 
with hygroscopic salts to improve their thermal energy storage capacity. S. Stojiljković et al. /Science of Sintering, 46 (2014) 259-268 
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In a well-designed house, main problem is air quality which can be improved if one 
fifth of the air exchanges every hour. The air humidity is controlled by an appropriate air 
exchange rate [11] that can be achieved only by ventilation [12]. However in many houses the 
degree of air exchange through the building structure is a big problem. According to Robert 
and Brend an accepTab. air exchange rate is 0.45 per hour [13]. 
The presence of moisture and carbon monoxide makes one feels warm or cold in 
room [14]. Thus, in a room or an apartment with volume of 100 m
3 it could be found up to 10 
kg of water without condensation in the form of steam and from 3 to 6 kg of carbon dioxide 
depending on the number of rooms, which is, the number of gas locations and other sources of 
carbon-dioxide [15]. A cubic meter of air can contain from 30 to 70 g of steam even in 
conditions of relative moisture of 40-80% and temperature of 18-25 °C. In order to bind the 
excess moisture approximately 200 kg of adsorbents are needed under the condition that they 
bind 5% moisture in relation to their mass. If the thickness of the adsorbent is 1 cm, and its 
density is approximately 2.5 kg/L, then the surface of approximately 8 m
2 is required. The 
distribution of the adsorbents is very important considering that the molecule mass of water is 
18 kg/kmol. The adsorbents in the room should be set up, glued or fixed in the vicinity of the 
ceiling [15]. 
This paper will analyze the influence of the composition of tiles including ceramic 
clay, bentonite clay, plasticizers, wood chips, and zeolite on the processes of adsorption, i.e. 
moisture desorption. The experiment was designed to determine an optimal composition of 
the tiles which provides the so-called “breathing” of the walls without condensation. The 
experiment included the process of drying – desorption of moisture from raw tiles until it 
reaches a constant mass. In addition, the process of desorption over a period of 2 hours was 
studied on a sample of tiles resoaked in demineralized water.  
 
 
2.Experimental 
2.1 Tile Preparation Procedure 
 
The process of water adsorption and desorption is evaluated on the model of a porous 
object – a tile. In order to study the influence of the tile composition on the adsorption 
process, i.e. desorption of water, tiles with various composition were made in 7 series with 4 
samples per each. The content of each series is shown in Tab. I. The tiles were made from 
ceramic clay with an addition of sand, bentonite clay, zeolite, wood chips, plasticizers and 
polyphosphates [15]. In order to make tiles, carboxymethylcellulose was used as a plasticizer. 
The overall mass of all analyzed tiles within each series was 330 g. The formed mass from 
one series was covered with 132 mL of demineralized water. The overall mass of the freshly 
modelled samples was 462 g, while the average mass of one tile was 115.5 g. The size of the 
wet tiles was 8×8×1 cm.  
 
Tab. I Content of the analyzed tiles  
  Sand, 
g 
Bentonite 
clay, 
g 
Zeolite, 
g 
Ceramic 
clay, g 
Wood 
Chips, 
g 
Plasticizer
, 
g 
Polyphosphate
, g 
1  30 15 15  266.7  0  3.3  0 
2 120  30  0  150  30  0  0 
3 120  0  30  150  30  0  0 
4 150  70  30  80  0  0  0 
5 120  0  30  147  30  3  0 
6  150  60 30 60  26.7 0  3.3 
7 200  60  40  0  26.7  3.3  0 
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2.2 Drying of tile  
 
Previously prepared tiles were dried in a convex four-level laboratory dryer, shown in 
Fig. 1. The tile mass was measured during 170 h in predetermined intervals. Following the 
convex drying, the tiles were exposed to 105 °C in a laboratory dryer until constant mass. 
Following this treatment, they were resoaked in water (150 mL) for 2 min and dried again in a 
convex dryer under the same conditions. In this case the water represented the component 
which was adsorbed, i.e. desorbed from the tiles.  
A vertical dryer has dimensions of 1×0.15×0.25 m with levels made of wooden 
frames, wire mesh, and radius of 2 mm, set at distance of 15 mm. Using this wire 
construction, a non-hygroscopic cloth was set up. On the bottom of the dryer a 1200 W heater 
with a thermostat was fixed and connected. In the door of the dryer, which was positioned 
frontally along its entire length, a 220 W ventilator was positioned, which enabled the air flow 
of 108 L/h and an air current stream of 0.8 m/s. On its inner side, the dryer was impregnated 
with aluminium foil.  
 
Fig. 1. Scheme of the convective dryer 
 
  The drying process in a convex dryer after wetting the tiles was modeled using the 
OriginPro 8.5.0 SR1 software. Following the drying process in a convex dryer, experimental 
data obtained for moisture content in the analyzed tiles were fitted with a general exponential 
equation y = a + b exp(-k x). The coefficients in the equation were determined using the least 
squares method. S. Stojiljković et al. /Science of Sintering, 46 (2014) 259-268 
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3. Results and Discussion 
 
In this paper, various series of tiles were made with the aim of studying the influence 
of their composition on the process of adsorption, i.e. moisture desorption. In this study, 
during the drying process in a convex dryer, the changes in the moisture content in precisely 
defined time intervals was monitored. The drying process of fresh made tiles for various 
series is shown in Fig. 2, while the profile of the drying rate is shown in Fig. 3.  
 
 
Fig. 2. Moisture alteration in different samples during the drying process 
 
 
Fig. 3. Drying rate of different material combination samples 
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The existence of various changes in the amount of moisture in the composite 
materials used in the experiment is shown in diagrams 1 and 2. The greatest release of 
moisture was determined for the material from series 1, since it contained the greatest amount 
of ceramic clay with a small addition of sand. Relatively small amounts of the plasticizer and 
adsorbents did not have any significant effect on the removal of the water over time. In the 
case of the composite mixture from series 2, the addition of greater amounts of sand and 
wood chips should facilitate the removal of the water from the material. The role of bentonite 
clay is reflected in the fact that it enables the binding of moisture in the form of inter-layer 
water, which significantly slows down the drying process.  
In the case of the samples with the composite mixture from series 3, zeolite was used 
as an adsorbent instead of bentonite clay. In series 2 and 3, similar behavior during the first 
two hours of the drying process can be seen (Tab. II). Introducing additional amounts of 
energy into the material being dried, a sudden desorption of water occurs. Similar behavior, in 
the sense of moisture desorption from the material, is found in the composite mixtures from 
series 4 and 7. In both cases the mixtures with great amounts of bentonite clay and zeolite 
were used. In the case of the series 7, ceramic clay was left out, but not the plasticizer which 
enabled shaping of tiles as well as maintenance of their consistency. Series 4 had no added 
plasticizers, but contained a small percentage of ceramic clay with plastic features. The clay 
content has proven to be insufficient for the preservation of consistent forms of tile samples. 
The content of ceramic clay is greater in the samples of composite mixtures from series 5. 
The presence of plasticizers enables a better removal of moisture from the material, while in 
the case of series 6 the removal of moisture is more difficult due to the presence of 
polyphosphates which bind water molecules.  
 
Tab. II Drying rate of different material combination samples 
  Series 1  Series 2  Series 3  Series 4  Series 5  Series 6  Series 7 
Time, 
h 
dw/dt, 
kg/h 
dw/dt, 
kg/h 
dw/dt, 
kg/h 
dw/dt, 
kg/h 
dw/dt, 
kg/h 
dw/dt, 
kg/h 
dw/dt, 
kg/h 
0.50  0.03391 0.02781 0.03456 0.03567 0.05045 0.04167 0.04897
0.75  0.03971 0.03170 0.03112 0.03161 0.04076 0.03543 0.04024
1.00  0.04361 0.03465 0.03040 0.03058 0.03691 0.03331 0.03687
1.25  0.04316 0.03402 0.03278 0.03265 0.03902 0.03241 0.03442
1.50  0.04220 0.03293 0.03370 0.03336 0.03976 0.03114 0.03212
1.75  0.04235 0.03353 0.03245 0.03181 0.03494 0.03069 0.03006
2.00  0.04366 0.03518 0.03271 0.03185 0.03252 0.03155 0.02971
2.25  0.04413 0.03444 0.03598 0.03353 0.03367 0.03323 0.03073
2.50  0.04531 0.03465 0.03940 0.03567 0.03539 0.03537 0.03234
2.83  0.04086 0.03188 0.03556 0.03245 0.03351 0.03452 0.03113
 
The second part of the experiment referred to the process of water desorption from the 
resoaked tile samples. The profile of the desorption rate from water for various series in 
shown in Fig. 4. Change in the moisture content over time in the studied samples is shown in 
Fig. 5. S. Stojiljković et al. /Science of Sintering, 46 (2014) 259-268 
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Fig. 4. Moisture alteration in different resoaked samples during the desorption process 
 
 
Fig. 5. Desorption rate of different material combination samples after resoaking in water 
 
It has been found that the presence of zeolite in the mixture increases the process of 
water desorption (Tab. III). In the samples of the composite mixtures  from series 2 the 
process of desorption is significantly slower. The experimental method has also indicated that 
the presence of polyphosphates in the mixture decreases the desorption in the case of the tiles 
from series 6 which even after 120 min from the start of the follow-up drying process had 
81.01% moisture. Due to the ability of phosphate to build hydrates with water molecules, the 
moisture remains bound in the mixture so that it is not desorbed in the sample tiles from series 
6. The drying rate is smaller in comparison to the drying rates for the other series of tiles.  
The tiles from series 1 have the highest content of kaolinite which represents a 
connection between irons whose hydrides have the ability to bind water. Due to its presence, S. Stojiljković et al./Science of Sintering, 46 (2014) 259-268 
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the tiles have a very high drying rate at the beginning, and then at one point that value 
becomes constant. This sort of behavior of the analyzed system in essence represents the basic 
characteristic of the system with an excess of ceramic clay. In the beginning, the iron hybrids, 
due to their relatively weak links, easily release water from the structure of the composite. By 
being submerged again and dried for 120 min the water content is reduced to approximately 
78.22%. Due to a great amount of bentonite clay and the lack of plasticizers, the tiles from 
series 4 swell when in contact with water, increasing their volume and completely 
disintegrating. The percentage of bentonite clay is high in the composite mixture from series 6 
with the difference that in this series, due to presence of kaolinite and a plasticizer, the sample 
does not disintegrate, i.e. the tiles do not change their shape.  
 
 
Fig. 6. Drying and desorption rate comparison of different experiment series 
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The tiles from series 5 do not contain bentonite clay, but do contain kaolinite, wood 
chips and a plasticizer. Such a composition increases the material capillarity, so that at the 
very beginning the desorption rate is faster. In this series the moisture content was 
approximately 90.18% after 120 min. The tiles from series 7 have shown a different 
functional dependence, since they do not contain any kaolinite whose hydrides could bind the 
water molecules.  
 
Tab. III Desorption rate of different material combination samples 
  Series 1  Series 2  Series 3  Series 5  Series 6  Series 7 
Time, h 
dw/dt, 
kg/h 
dw/dt, 
kg/h 
dw/dt, 
kg/h 
dw/dt, 
kg/h 
dw/dt, 
kg/h 
dw/dt, 
kg/h 
0.50  0.13102 0.10728 0.08954  0.06422 0.11319 0.05590 
0.75  0.10159 0.08151 0.07273  0.04704 0.08677 0.04467 
1.00  0.08787 0.06962 0.06533  0.03945 0.07457 0.04006 
1.25  0.07292 0.05744 0.05686  0.03169 0.06202 0.03310 
1.50  0.06456 0.05091 0.05282  0.02812 0.05526 0.03006 
1.75  0.05670 0.04540 0.04687  0.02530 0.04903 0.02626 
2.00  0.05031 0.04077 0.04190  0.02268 0.04387 0.02292 
 
Through comparative graphic analysis of the data about both drying and moisture 
desorption rate of the materials from each series used in the above mentioned experiments, a 
relatively big difference in these two rates can be found at the beginning. Later on, i.e. after 2 
– 2.5 h the rates become almost same as shown in Fig. 6.  
Deviations from this type of behavior were only noted for the composite mixtures 
from series 5 and 7, which contain greater percentage of zeolite. In these two cases, the lines 
of drying and moisture desorption intersected in the period between 1.0 – 1.5 h from the 
experiment start, after which the rate decreased, but still continued their trend unlike the 
classic drying process which was relatively constant.  
 
Tab. IV Coefficients of the exponential equations obtained by modelling the moisture 
desorption process for various series of tiles  
Equation  ) ( exp x k b a y − + =  
 a  b  k  Statistics 
  Value S.E. Value S.E.  Value  S.E.  Radj
2 
Series 1  77.6120 0.5511 22.6918 0.7098 0.0299 0.0025  0.9927 
Series 2  82.1418 0.4872 18.0632 0.6421 0.0306 0.0029  0.9904 
Series 3  79.9603 0.5784 20.2002 0.5593 0.0204 0.0015  0.9961 
Series 5  90.2519  0.3195 9.8831 0.4719  0.0345  0.0043  0.9822 
Series 6  80.5946 0.5044 19.6241 0.6405 0.0294 0.0026  0.9920 
Series 7  89.4296 0.3168 10.7724 0.3681 0.0267 0.0025  0.9917 
 
Mathematical modelling of the data collected led to a conclusion that the moisture S. Stojiljković et al./Science of Sintering, 46 (2014) 259-268 
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content in the tiles changes exponentially as function of time. A general equation used to 
adequately describe the process of moisture desorption can be represented in the form of y = a 
+ b exp(-k x). All the coefficients in this exponential equations related to different series of 
tiles were obtained by the least squares method and are shown in Tab. IV. The Tab. also 
shows the values of standard errors (S.E.) for all calculated parameters. Based on the 
calculated values for the adjusted R
2 parameters, the validity of the set equations was defined. 
Since these values were mainly above 0.99, it can be concluded that the above equation was a 
right choice for description of the moisture desorption process. Slight deviations of the 
suggested functional dependencies from the experimentally obtained values can be clearly 
seen in Tab. IV. 
 
 
4. Conclusion 
 
In this paper, the obtained results indicate that the combination of bentonite clay, 
zeolite and unfired ceramic clay can be used to make adsorbents that are moisture desorbents, 
which can be further successfully used in the construction of buildings. The influence of 
adsorption and moisture desorption increases by increase of the zeolite content in the 
analyzed tiles. The significance of the bentonite clay is reflected in the fact that it increases 
moisture adsorption, but slows down its desorption. Sand in combination with wood chips 
increases porous nature of the tiles, which further decreases their ability to bind moisture. The 
optimization of the content of ceramic clay, bentonite clay, zeolite, wood chips, sand and 
plasticizers was realized using appropriate mathematical model of the process studied.  
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Садржај:  Предност  овог  поступка  је  да  се  плочице  направљене  од  хетерогених 
природних  материјала  могу  поставити  у  урбаним  објектима  различитог  урбаног 
планирања и енергетских профила. Њихов положај у просторији омогућио би природну 
вентилацију на бази промена у саставу ваздуха. Ово би требало да смањи размену 
ваздуха са околином, уштеди на загревању у зимским  и омогући хлађење у летњим 
месецима,  уз  одржавање  релативно  сличног  саставa  ваздуха.  Истраживањем  је 
показано  да  песак  и  керамичка  глина  омогућавају  брже  сушење  узорaка,  док 
бентонитна глина, полифосфат и пластификатор омогућавају спорије сушење. 
Кључне речи: климатизација, керамичка глина, зеолит, бентонитна глина.  
 